By means of the algebra of currents, the validity of models, of elexueatary particles have been tested, From studies of the decay rate of. 2y a calculation of the axial vector renormaliza^ion coJostant jg A t the decay rates of V^ -»i + £ and those of Vj -> P ? + y decays, it has been concluded that the fractionally charged quark model of Gell-Mann and Zweig is the best candidate among all others.
INTRODUCTION
The history of models of elementary particles is essentially as old -as the history of the science itself. Indeed the ancient Greek philosophers conjectured all matters to consist of a few fundamental or infinitely many atoms. Coming to mod rn times, we find the success of the atomic theory of matter, finally culminating in the beautiful explanation of the atomic spectrum of the hydrogen atom by Niels Bohr in whose theory the model of the hydrogen atom as a bound state of an electron and a proton has played no small part.
Similarly, the importance of models in the development of modern physics has again been manifested by the recent success of the SU(3) symmetry which was initially motivated by studies of the SAKATA- is entirely empirical in nature, although the future theory will undoubtedly explain these diversities of particles. First of all, it may be noticed that all particles except hadrons have weaker interactions with themselves and others, and we have reliable theories to explain these interactions.
Thus, quantum electrodynamics can reasonably account for many phenomena of the photon-electron (or muon) interaction through the so-called renor-3) malization theory of which Professor Tomonaga played an important part in formulation. A similar situation exists with respect to purely leptonic weak interactions, which one can explain by means of the V-A 4) four-fermion interaction , at least if one forgets the question of renormalizability. Thus, one may argue that both the photon and the leptons are 5) elementary in this sense with no further structures within themselves.
However, the same cannot be said for the hadrons at all. Indeed, we may observe so many varieties of hadrons in nature, which would be surprising if all of these were as elementary as the photon or leptons. Actually, the -2-purpose of this note is concerned with this problem, and moreover, we shall confine ourselves to the study of models of hadrons. Hence, for our purpose here, we may still regard the photon and leptons as elementary particles, although such an attitude is likely to turn out to be incorrect in a future unified theory. However, the author believes that a separate discussion of models of hadrons apart from leptons and photons may be justifiable at the present stage.
There are two dominant philosophies for treatment of hadrons. The first is to suppose that all hadrons are equally elementary {or equally bound) as in the so-called mutual bootstrap mechanism.
The alternative view is that all these hadrons are not elementary but bound states of a few elementary objects. Recently, the second philosophy has gained its The list is rather impressive and one may wonder whether all these cannot be accidental. The best guess is certainly to assume a grain Ot -truth iri the model like the quarir models This^is indeed whkt me asrstime in this note. Howev^i*, the quaark model alone ^wrill not lead to the algebra of cttrrerfts which-turned out to be so sacacteEfsful. Ther^ are many other possible models which may 12) be rival candidates. This note is devoted to singling out^he bes^tnodel from these multitudes ttf models.~> ,~ ^ • ; AM in the neict section, we shall list some models of elementary particles which may be consistent so far with the present experimental knowledge.
..I-'-
On the basis of the algebra of currents, we shall show there that the model of elementary particles due to SCHWINGEJl, and also to GtjRSEY, LEE 13) and NAUENBERG may be excluded since these models satisfy neither the Adler-Weisberger relation nor sum rules of the non-leptonic weak decays. In Section III, we shall investigate approximate sum rules on Wf, -* 2y decay and on a calculation of the axial vector renormalization constant g A pf the^-decay of the neutron. On the basis of these investigations, we present arguments in favour of the fractionally-charged quark -3-model over all other models of integrally charged ones. Note that in this argument, we have assumed only the validity of the SU(2) symmetry but not that of the SU{3). Also in Section IV, assuming now the validity of the SU(3) and/or that of the SU (6) In this model, all hadrons are supposed to be bound states of three fundamental (quark) fields q^ (x) (i = 1, 2, 3). One assigns I=| for <p, (x) and <p t (x) with I 3 = ±| respectively, and I -0 for <p 3 (x). The same assignment will be followed automatically for all models considered in this note, where the unitary indices 1 and 2 refer always to I = \ and 3 to 1=0 . Further, we assume in this model that the baryon number B is 1/3 for all <P|.(x) (I s 1, 2, 3).
Also, the electric charge Q and the hypercharge Y are assumed to be Q = 2/3 , -1/3 , -1/3 (1) Y = 1/3 , 1/3 , -2/3 for tpi (x) fi = 1,2,3), respectively. As examples, we note that the proton and the tt + meson may be represented in this model as bound states consisting of (<p r qvcp^) and (qyq^) , respectively. we have a new quantum number which we may call the trialily t , as t = 1 for qpj;(x) f (i = 1,2, 3) and t = b for <p o (x) .
18) c)
Two-Fermion Triplet Model (hereafter referred to as B-N-H model)
Hiere, one assumes the existence of two termion triplet fields <Pi (x) and 5^'fx) U -1/2/3) where one may assign B = +1 and -1 respectively for <pj(x) and f j (x) . Also Q = X, 0, 0,
respectively-for qv(x) and ?^(x) . The proton and the r + meson may be represented by (tp,.tp,* ? a ) ' arid £<p,. ^for 5, "¥2) • I n this model, we have two triality quantum numbers t, and t* where t, = +1 , ti« 0 for <p L (x) fi = 1,2,3) and t, = 0 , t z = +1 'for'f^fz) (i = 1,2, 3). However, neither is independent because of the condition t, -t x = B .
One may generalize this model by introducing three fundament--5- 19 ) al triplets as has been done by HAN and NAMBU. However, the main feature of their theory is essentially the same as the B-N-H model and we shall not discuss it in further detail.
This model has been introduced by GtJRSEY, LEE and NAUENBERG and independently by SCHWINGER. 13) We assume the existence of a fermion fundamental triplet field <p^ (x) (i = 1, 2, 3) and of a boson fundamental triplet field 0i fx) fi = 1,2, 3), where one may assign, for instance, the baryon number B = +1 for all <pj (x)
• (i = 1, 2,3) and +2 for 0i (x) (i * 1, 2, 3). As for the charge and hypercharge, they may be given by 
One of the fundamental assumptions in the algebra of currents is that these are essentially the vector and axial vector currents for leptonic weak interaction of hadrons, respectively. Further, setting %>^t ^ (7) one may immediately find the following commutation relations:
where in the right-hand side (hereafter abbreviated as R. H. S.) of Eqs. (8) and (9) the repeated index y implies an automatic summation of y over y ~ 1, 2,.., 8. Also, in the derivation of these equations we assumed the canonical equal-time commutation relation: An important special case of Eq. (9) is the following relation:
The validity of Eq. (12) gives the Adler-Weisberger sum rule which is fairly well satisfied experimentally. Similarly, by a slight generalization of Eq. (9), one derives the commutation rule:
On the basis of Eq. (13), one may derive many interesting sum rules for both leptonic and non-leptonic decays of hadrons, which are fairly well satisfied experimentally. Therefore, one may insist that Eqs. (12) and (13) the axial vector current a^ (x) must be bilinear in <p^ (x) and fy (x) .
Then, a^ (x) must still be given by Eq. (6) since one cannot form an axial .vector out of two scalar fields and it is easy now to compute AM~*K*0 ri4) since I 3 must now contain a contribution from the 0-field. Thus Eq. (12) does not hold. Similarly, one can check that Eq. (13) is also not valid in this model. Moreover, even if one assumes that 0(x) is a vector field rather than a scalar field, this does not help since then one may in general define a£'(x) by j»>Z\*t*) A, ^*, ft ; -where C is an arbitrary constant. However, one can easily check that Eq. (14) is still true and one cannot get Eqs. (12) and (13) . One may even relax the condition that a^fx) must be bilinear in <p(x) and 0(x) . But the situation is essentially unchanged and we may easily convince ourselves that Eqs. (12) and (13) do not hold at all. The reason behind this is that the vector current vfP{x) and hence 13 is still bilinear in <p(x) and 0(x) since v^ (x) is uniquely determined from the conserved vector-cur rent hypothesis in the exact SU(2) (or SU(3)) limit. Therefore', one can claim that the validity of the Adler-Weisberger relation and of the weak decay sum rules, together with other considerations given in the next sections, are sufficient to exclude the model of Schwinger and of Gtlrsey, Lee and Nauenberg. Similarly, a model in which a singlet of a fermion field cp o (x) and a triplet of a boson field 0i (x) (i = 1, 2, 3) are fundamental can be excluded on the basis of the same argument. More generally, any theory with a triplet of boson 9± (x) together with other fundamental fermion fields is excluded.
-9-
«1
In this way, we could eliminate the G-L-N-S model from our consideration. But this argument does not eliminate all other models considered in this note since these models can be shown to satisfy Eqs. (12) and (13) . In order to discriminate between these models further, we notice first that the electromagnetic current j..(x) is model-dependent. In the unit of the fundamental charge e , ju.(x) is given respectively by
As for the generalized a-model, one can write a similar expression but one need not go into detail.
A notable difference among these models is the fact that the G-Z model as well as the generalized a-model give a purely unitary octet current for j^(x) while for the M-H and B-N-H models, ;L(x) contains both i octet and singlet components. Hence, in the exact SU(3) limit, one may in principle discriminate between two cases by detecting the presence or absence of the unitary singlet component in j^(x) . However, for this purpose, it is necessary to assume the exact validity of SU(3) whose violation may be considerable. Indeed such a calculation will be discussed -10-in Section IV. Fortunately, there is a be tter way without assuming the validity of SU(3). This can be achieved by considering the commutator For these two choices, the commutation relations, Eqs. (9), (12) In this section, we shall assume the validity of the SU(2) subgroup but not that of the SU(3) group itself. (19) and (21) "» a/*fx) and bflx) are iso-singlets of the SU(2) group. Hence, by the charge independence, one can rewrite Eqs. (18), (19a,b) and (21a) in a single formula: 
'W
where the constant C can be computed from the experimental decay rate of jr* -+M* + v decay to be 1 given by
H being the pion mass. . Now multiplying exp [-ik,x-ikjyl for both sides of Eq. (22) and integrating over x and £ , one may obtain in this way -n.
-13- From the Lorentz covariance, one can set
TT o lf)"> ~(

»
where K ^(t) with t -(p-q) is the electromagnetic form factor, normalized by K u (0) -1 . Note then that g w^ is the coupling constant for 24) w -* JT O +7 decay. If we use arbitrary kj. and k^ in Eq. (25) , then these form factors K M (t) will be in general different from the unity since -14-t ^ 6 . Hence, we have to introduce ah unkriowri parameter';"'"' Indeed, in the previous paper^ we chose k ( * 0 , and ki *|>-»co. In that case one finds i--ob'" ,' and we expect ijiat tC^f-co) will considerably differ from the unity.
The best procedure to avoid such an ambiguity is obviously to choose k, and kj^ so that we always have K w (0) « 1 . This can be easily achieved if one chooses For this choice of jk^ and k^ , the matrix element for < p o (q) | j^,fO)
*• (p)
> w iU have no extra form factor K^(t) again if we approximate m w Rsnrip which is experimentally very reasonable. However, this situation is cesrtainly hcrt so good for the matr^c element < <p(q) | ^{t) f **(p) > * since the mas^i'bf'^ie'V-meson is ^ite differed from that of the ' u . But as we shall seeshbirUy, the contribution fromthe ip-mesibn is expected to be very small at any rate and this will not make much difference.
Further, define y u by Then Eq. (25) will finally give the following relation:
where and whete we neglected tiie mass difference: between ny and m w .
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Actually, one can probably neglect the contribution from the ^-intermediate state.
The reason is that the decay <f> -* ir o + y is expected to occur in a two-stage process 0 -» p o + w 9 followed by a virtual transition ft, «-» y .
However, the decay tp -* p B + w b is experimentally known to be very small.
This implies g^tnO . Indeed, this relation holds valid in the exact SU ( Actually, one can make a similar calculation by taking matrix elements of both sides of Eqs. (18), (19) and (21a) between any 1=0 and 1=1 nuclei 26) states. For instance, one may calculate these matrix elements between *-the ground state of C ) Z nucleus and the first excited state C^ where it is known to belong to the I = J = 1 triplet together with B lz , and N ^ . (2) , Calculation of g Now we perform a similar calculation by taking the matrix element of both sides of Eqa. {18)/ il9% and {2ia) with respect to oae nucleon state. In that case, we shall integrate these equations with respect to x and £ . Thus for this case^ we. may not^have any trouble at all even if we have any Schwinger term. , n . Again assuming the charge independence^ one gets 
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But it is easy to see that this relation is satisfied by all models of the G-Z, in the exact SU(3) limit since j^Jx) is a pure octet. Furthermore, the Thus, one obtains the following relations: (43) where y u for 7^) is defined by Eq. (30) . Now, the decay width for w-*i+i can be given by . it is consistent* with zero, or V(p -»7f+ y) < 0. 7 MeV.
M-H and two
As for r(0 -»r) + Y) , the value of 0. 88 MeV for the G-Z model seems 47) to be too large to be consistent with the experimental upper limit of 12% for its branching ratio. However, one remarks that the SU (6) The final choice between them must be decided by experimental verification of these equations. Then at the same time one can experimentally compute the value of the model* dependent parameter e from these equations.
Finally, one remarks that formulae (65) and (68) hold valid not only for the nucleon but also for any pair of nuclei with I -J = i such as H fi and H instead of the proton and the neutron, if we replace the lower limit in the integral in Eq. (65) by corresponding threshold energy for the photo-nucleus reaction. §]a DISCUSSION As we noted in the previous sections, it is possible to discriminate between the validity of various models of elementary particles by means ofthe algebra of currents. In this way, we have shown that one may eliminate the model by Scftwinger and by Gflrsey, Lee and Nauenberg, As for other models, our analysis seems to indicate the validity of the fraciionaHy ( charged quark model investigated in all cases. We remark that this ,.
preference of the G-Z model over others is also true, including the fil-G-L-N modeL in our investigation.
If this conclusion is correct and if the same success holds for many other processes not examined in this paper, then we have to accept the fractionally charged quark model of Gell-Mann and Zweig to be the theory. - 
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In that case, we have to explain why the quarks have not been detected experimentally yet in spite of so many investigations. It may be quite possible that the quark fields are mathematical objects rather than physical ones so that only bound states of these fields are physically realizable.
This may imply that the quark fields cp^ (x) have no asymptotic fields at all.
Or they may obey some para statistics other than the Fermi-Dirac one.
Indeed, the latter assumption may be more attractive since it has been 
